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stimulate exciting R&D 
T 
Roy Szweda, Associate Editor 
111-k Review has been fairly exhaustive in its coverage of shorter wavelength laser diodes but elsewhere 
there have been developments as exciting in the R&D and commercialization of infrared (IR) and visible 
devices. This article examines some advances being made at the US company Lucent Technologies, 
formerly part of AT&T. 
ucent Technologies is a 
world leader in optical com- 
L ponents and systems for tele- 
corns and related applications, and 
continues to capitalize on the 
world class innovations of its R&D 
arm, Bell Labs.This article looks at 
just a few of the recent examples: 
optical-fibre laser amplifiers for 
wide bandwidth communications 
and improvements to laser fabrica- 
tion via X-rays microprobes. 
This summer, Lucent Technol- 
ogies announced a record-breaking 
experimental demonstration with 
its lOOchannel optical-fibre ampli- 
fier having the “potential to revolu- 
tionize optical networking 
technology”. Lucent’s ultra-wide- 
band amplifier spans 80 nm of the 
lightwave spectrum, i.e. virtually 
seven times the optical bandwidth 
of amplifiers used in today’s com- 
mercial wavelength-division multi- 
plexed (WDM) communications 
systems. The results were reported 
at the annual ‘Topical Meeting on 
Optical Amplifiers and Their 
Figure 1. A Lucent Technologies research team has demonstrated a record-breaking 
t OO-channel optical-fibre amplifier. 
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Applications’, by a team from Bell 
Labs, Crawford Hill and Murray 
Hill, New Jersey, USA working with 
Lucent’s Optical Networking/ 
SONET Business Unit (see 
Figure l).The research project was 
supported in part by the Multi- 
wavelength Optical Networking 
(MONET) program, which is par- 
tially funded by the US Defense 
Advanced Projects Agency 
(DARPA). 
WDM - enormous 
potential 
The demonstration follows Bell 
Labs earlier successful 206-channel 
WDM experiment which allows 
the transmission of up to 206 chan- 
nels of digital data. Although the 
technologies were different, and 
were developed by different 
teams, they both illustrate the 
enormous potential of WDM sys- 
tems in general. 
The bandwidth of the experi- 
mental amplifier is three times that 
of erbium-doped fluoride ampli- 
fiers, double that of the recently 
described Bell Labs experimental 
Erdoped silica tibre amplifiers, and 
50% higher than has been reported 
for experimental dual amplifiers. 
“This is an important technological 
advance with the potential to revo- 
lutionize optical networking~’ says 
Alastair Glass, director of Bell Labs 
Photonics Research Lab. “The am- 
plifier will virtually eliminate net- 
workdesign constraints imposed 
by the limited availability of optical 
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bandwidth,” says William Gartner, 
VP of Lucent’s SONET and optical 
networking business unit. “Such 
amplifiers will be key enablers for 
Lucent’s future optical-networking 
products”, he comments. 
In the new architecture, signals 
in the M band (1525-1565 nm) and 
L band (>1565 nm) are amplified 
by a common first stage but then 
demultiplexed (demuxed) and am- 
plified by separate second stages 
before recombining. The first stage 
is highly inverted while the second 
stages are separately optimized for 
the M and L bands, respectively. 
This enables a low noise figure, 
high output power and flat gain to 
be achieved over the complete 
wavelength range. The gain spec- 
trum in the M band is flattened us- 
ing a long period fibre grating gain 
equalization filter. Work is under- 
way to similarly flatten the L band 
gain spectrum, which is in fact ex- 
pected to be easier than flattening 
the M band. 
Lucent points out another im- 
portant characteristic of the WDM 
amplifier in that the demux and 
mux of the two bands before and 
after the second stage are done us- 
ing broadband tibre gratings.These 
gratings can be made to provide a 
wide reflection band with very 
sharp cutoff, thereby minimizing 
the gap between the M and L 
bands. ‘Iwo variable attenuators - 
one for each band - maintain the 
proper inversion level and so allow 
for fibre span loss variations in 
practice. Networks using the new 
amplifier could handle 100 or 
more wavelength channels, spaced 
at 100 GHz, instead of the eight or 
I6 in today’s systems, greatly in- 
creasing capacity and enhancing 
optical-layer networking capability. 
Being based on field-tested Er- 
doped fibre technology, the system 
is expected to be readily qualified 
for telecoms applications. 
Uncooled laser for 
digital transmitter 
Meanwhile, in a related announce- 
ment for wide bandwidth digital 
networks, Lucent’s Microelectronics 
Figure 2. Innovative laser research is an important part of Bei ‘I Labs ongoing programme. 
Group introduced a new 271~type 
uncooled laser that can be used as 
a building block for a fully digital 
transmitter. It supports virtually 
any digital voice or data applica- 
tion operating at speeds of 
2.5 Gb.a’ or greater, and can be 
used for 0C-48 or SDH-16 long- 
reach SONET applications. The 
laser module contains a hermeti- 
cally sealed 1.3 mm multiquantum 
well distributed feedback laser 
capsule with a back-facet monitor 
photodiode. It is packaged with an 
industry standard single-mode fi- 
bre pigtail and a variety of connec- 
tors. The fibre pigtail is available 
with an 8” angled polished connec- 
tor to improve performance and 
reduce system reflection. 
Record power fibre 
laser 
Earlier, in cooperation with Opto 
Power Corp of Tucson, Arizona, 
USA, a team from Bell Labs demon- 
strated record-setting ultrahigh- 
power, single-mode fibre lasers 
with record-setting output powers. 
The fibre lasers, each pumped by a 
single semiconductor laser and 
with the output coupled directly 
into a single-mode fibre, produced 
8-21 W of power. 
Bell Labs has a long history of 
laser invention and innovation 
(Figure 2) beginning in 1958 with 
publication of the scientific paper 
describing the concept of the laser 
by Arthur Schawlow and Charles 
Townes, both of whom worked for 
Bell Labs at the time. 
In the recent work, the research 
team built a cascaded Raman fibre 
laser with an output power of 
8.5 W at 1472 nm, which could 
thus be used to boost communica- 
tions signals in long-haul communi- 
cations systems. “Conventional 
lasers used for this purpose typically 
produce only one tenth of a watt”, 
says Bell Labs researcher Daryl 
Inniss: “In principle, the ytterbium- 
doped lasers can operate at any 
wavelength from 1050 to 
1140 nm. Our results suggest that 
even higher diffraction-limited 
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continuous wave (CW) output 
power can be produced in the 
1050 to 1700 mn wavelength re- 
gion Cascaded Raman lasers can 
be used to efficiently convert these 
output powers to wavelengths as 
long as 1.7 microns”. Inn&s and his 
coworkers presented their latest 
experimental results at the 
‘Conference on Lasers and Electra 
optics’ (CLEO 97) and ‘Quantum 
Electronics and Laser Science 
Conference’ (QELS ‘97) in Balti- 
more, Maryland, USA. 
The team has also built fibre 
lasers, with ytterbiumdoped fibre 
cavities defined by two fibre Bragg 
gratings, that yield 16.4 W at 1065 nm 
and 20.4 W at 1101 nm into a sin- 
gle-mode Abre. The lasers’ output 
power levels are about 80% and 
300% higher than other single- 
mode fibre lasers operating at 
1065 and 1100 mn, respectively 
The fibre lasers were pumped 
by a single high-power laser-diode 
array with more than 40 W of opti- 
cal power at 915 nm. In these high- 
power fibre lasers, light from a 
semiconductor laser is guided 
within the outer layer, or cladding, 
of a specially developed fibre with 
a single-mode core containing the 
rare earth element ytterbium. The 
light is absorbed by the ytterbium, 
which changes its wavelength and 
makes it possible to ‘pump’ optical 
amplifiers that boost communica- 
tions signalsThey make it possible 
for the signals to travel longer dis- 
tances and are powerful enough to 
be used as a single source for distri- 
bution of the signals, through a 
router, to many users. 
“The ability to have these high 
output powers coupled into a sin- 
gle-mode fibre is unprecedented in 
telecommunications technology”, 
says Kenneth Walker, head of the 
Bell Labs Optical Fiber Research 
department. “These power levels 
are so high that they may be more 
practical as very high-power ampli- 
fiers in free-space communications 
than in traditional terrestrial fibre 
systems. It takes a lot of power to 
transmit signals through fog, snow, 
and/or rain without degradation, or 
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for the distances of greater than 
10 000 km that are necessary for 
satellite-to-satellite communica- 
tions.” The lasers also have poten- 
tial applications in materials 
processing, printer and medical 
fields. 
XMP for better lasers 
In a related area, Bell Labs scientists 
are helping Lucent Technologies to 
design even better laser modules 
via a new tool, an X-ray micro 
probe (XMP). 
The XMP measures strain in 
smaller volumes of material and de- 
tects trace elements better than 
any other nondestructive deep 
probe in the world, Bell Labs says. 
The new instrument produces 
an X-ray spot that is only 2 nm 
across, i.e. 1000 times smaller than 
spots produced by conventional X- 
ray probes. It permits scientists to 
study micron-size features in a 
range of structures, from naturally 
patterned biological systems to 
lithographically patterned devices 
such as electronic circuits and, in 
particular, solid-state lasers. For the 
optimization of laser diodes, strain 
- the displacement of atoms from 
their naturally occurring positions 
- is very important because you 
need to precisely control and limit 
the amount of strain for efficient 
laser operation. Too much strain 
can cause defects that make a laser 
inoperable. 
The XMP was used to generate 
a ‘map’ of the microstructural prop 
erties of the 266 EM-ILM (electro- 
absorptive modulated isolated 
laser module) made by Lucent’s 
Microelectronics Group. The mod- 
ule, used in fibre optic communica- 
tions systems, integrates a laser and 
modulator and can transmit 2.5 billion 
bits of information per second over 
600 km of fibre. Lucent engineers 
used the map to adjust their device 
design, varying the chemical com- 
position, thickness and strain of 
the atomic layers of the laser to op- 
timize the structure of the laser. 
Bell Labs researchers developed 
the XMP at the National Synchrotron 
Light Source at Brookhaven National 
Labs in Upton, New York. An XMP 
takes the very bright X-rays and 
passes them through highquality 
X-ray optics, such as mirrors, lenses 
and pinholes. It then uses X-ray dif- 
fraction to determine the 3-D 
atomic structure of materials. As 
the X-ray wavelength is very short 
it measures smaller features than 
can optical probes. The XMP con- 
sists primarily of a pair of X-ray 
mirrors, one focusing horizontally 
and the other vertically 
X-ray microprobes are being de- 
veloped by teams of scientists at 
other synchrotron sources, such as 
the Advanced Photon Source in 
Argonne, Illinois, USA, and the 
European Synchrotron Radiation 
Facility in Grenoble, France. 
The Bell Labs XMP team in- 
cludes Ken Evans-Lutterodt and 
Eric Isaacs, of the Physical Research 
Laboratory, Matthew Marcus and 
William Lehnert, of the Silicon 
Electronics Research Laboratory, 
and former Bell Labs researcher 
Alastair MacDowell, of the 
Advanced Light Source in Berkeley, 
CA, USA. 
Use of the XMP is not going to 
be restricted to Lucent’s laser 
diode development. “The X-ray mi- 
croprobe will revolutionize charac- 
terization of materials in a broad 
range of disciplines, including de- 
vice engineering, materials sci- 
ence, chemistry, biology and 
environmental sciences”, says 
Pierre Wiltzius, head of the Bell 
Labs Condensed Matter Physics 
Research department. 
“There are many other prob- 
lems of interest to Lucent 
Technologies that can take advan- 
tage of the X-ray microprobe”, adds 
Ken Evans-Lutterodt. “A key prob- 
lem for microelectronics is long- 
term device reliability. Thermal 
and electromigration stresses re- 
sult in the development of voids in 
the aluminum wires that provide 
electrical interconnection between 
submicron devices on ICs. These 
voids lead to device failure. The 
XMP allows characterization of the 
stresses and the development of 
voids .” 
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Figure 3. Bell Lab scientists (left to right) Matthew Marcus, William Lehnert, Ken Evans- 
Lutterodt and Eric lssacs ao)usting the mirrors to their X-ray microprobe, which produces a 
spot 7000 times smaller than conventional X-ray probes, making it possible to probe deeply 
and nondestructively into materials. The instrument is used by Lucent Technologies to design 
laser modules for fibre-optic communications systems. 
Bell Labs’ research team 
(Figure 3) is now refining the XMP 
to provide spot sizes one-fifth as 
large as those produced by their 
current XMI? “An important aspect 
of this work is that it demonstrates 
how a long-term research project, 
like the XMP development, can 
have a very tangible impact on 
the short-term needs of 
tech company like 
Technologies”, says Isaacs. 
a high- 
Lucent 
Laser sensor pollution 
monitor 
In the concluding part of our 
overview of recent developments 
at Lucent Technologies and Bell 
Labs we note the demonstration of 
the world’s first laser-based semi- 
conductor sensor that operates at 
room temperature @I’) and at high 
power to detect parts per billion 
amounts of trace gases or pollu- 
tants by scanning for their optical- 
absorption ‘fingerprints’. 
Gases or pollutants are identifi- 
able by their absorption wave- 
lengths, which depend on their 
chemical nature. The invisible but 
telltale fingerprints can be detect- 
ed by focusing the sensor on an 
area and precisely tuning the 
laser’s wavelength until its light is 
absorbed. “This is a major accom- 
plishment”, says Alastair Glass. 
“The tuning range and peak power 
of these prototype laser sensors 
are unprecedented for mid-IR 
semiconductor lasers - about 10 
and 100 times better, respectively, 
than commercial lasers of this type 
- all of which must be cooled.” 
Potential environmental appli- 
cations include pollution monitor- 
ing, automotive emission sensing 
and combustion diagnostics; law- 
enforcement possibilities, such as 
the detection of explosives or of 
fugitive emissions from ilhcit drug- 
manufacturing sites; military appli- 
cations like portable battlefield 
sensing of toxic gases and biologi- 
cal toxins; as well as industrial 
process control, collision-avoid- 
ance radar and medical applications. 
The experimental sensor is 
based on the novel quantumcas 
cade (QC) laser invented at Bell 
Labs just three years ago and 
demonstrated at RT operation last 
year. The newest versions can be 
continuously tuned to operate at 
any of a wide range of single fre- 
quencies in the mid-IR region of 
the electromagnetic spectrum, the 
region in which light is invisible 
and causes heat. 
The laser’s wavelength is deter- 
mined by several factors. In manu- 
facture, varying the thicknesses of 
the material layers of the laser sets 
its wavelength, and adding a grat- 
ing (etched material) on top of the 
laser makes the wavelength more 
precise. In use, adjusting the tem- 
perature or the electrical current 
applied to the laser changes its 
wavelength. Using the sensor to 
detect pollutants involves scanning 
the area over a factory chimney, for 
example, and shifting the laser’s 
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Figure 4. A two-laser setup developed at Bell Labs for detecting acceptor impurities at the 
parts per billion level in bulk semi-insulating GaAs. 
wavelength until the light crossing 
the chimney hits the pollutant’s 
‘fingerprint’ and is affected by it. 
“This work opens up an entire 
field of uncooled, tunable mid- and 
far-IR laser sensors”, says L.N. 
Durv=k%pprogrammanager,Detense 
Sciences Office, of DARPA, which 
partly funded the work. 
“We’re happy to have moved 
very quickly from basic research 
to practical application”, says 
Federico Capasso, head of the 
Quantum Phenomena and Device 
Research department. “The en- 
abling technology behind all this is 
the marriage of optics, quantum 
physics, and crystal growth, in the 
QC laser, and we foresee a number 
of market opportunities for these 
portable, robust devices.” 
Cm Dotanta C Cunningbarn 
Bell Laboratories, 
Seneca Creek Road, 





, Think Blue Ammonia:” 
If you’re thinking blue lasers and blue LEDs, you should 
be thinking Blue Ammonia from Solkatronic Chemicals. 
With a minimum purity of 99.99994%, it’s the purest 
on the market today. We’ve developed this higher purity 
ammonia for use in ultra sensitive Gallium Nitride 
.: (GaN) processes for the production of blue lasers 
i&j blue LEDs. 
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Argon < 20 ppb 
Carbon Dioxide < 100 ppb 
Carbon Monoxide < 50 ppb 
Hydrogen < 100 ppb 
Oxygen < 100 ppb 
THC (as Methane) < 50 ppb 
Water < 200 ppb 
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